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A process for forming an integrated circuit sjtffrcture having at least one layer of low k 
material therein and a layer, formed from a l^v k dielectric layer, suitable for use as an etch 
stop and/or an etch mask which comprise^ 

a) forming a first layer of Jow k dielectric material over a previously formed 
integrated circuit structure yand 

b) treating the upper sjfrface of said first layer of low k dielectric material with a 
plasma to form a fir&r layer of densified dielectric material over the remainder of the 
underlying first layer of low k dielectric material; 

whereby said first lay^er of densified dielectric material is capable of serving as a etch stop 
and/or an etch ma^K for etching of said underlying first layer of low k dielectric material. 

The process of claim 1 including the further step of patterning said first layer of densified 
dielectric material to form a first? etch mask layer of densified dielectric material having a 
pattern of openings therein suitable for use in etching a corresponding pattern of openings in 
said underlying first layer of low/ k dielectric material. 



3. The process of claim 2 including the further step of etching said pattern of openings in said 
first layer of low k dielectric material through said pattern of openings in said first etch mask 
layer of densified dielectric maferial thereon. 



4. The process of claim 3 wherein said patternfof openings etched in said first layer of low 
k dielectric material through said first etch riask layer comprises a pattern of trenches 



extending through said first layer of low k die! 
integrated circuit structure. 

5. The process of claim 3 wherein said 




material down to said previously formed 



sfrfn|s etched in said first layer of low 



k dielectric material comprises a pattern of vias extending through said first layer of low k 
dielectric material down to said previously formed integrated circuit structure. 



1^6. The process of claim 1 including the filler step of forming a second layer of low k 
dielectric material over said first layer &f densified dielectric material. 
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The process of claim 6 including the further steps of: 

a) forming a protective capping layer of silicon oxide over said second layer of low 
k dielectric material; 

b) forming over said protective capping layer of silicon oxide a further etch mask 
having a pattern of openings therein; and 

c) etching a pattern of openings in said capping layer through said further etch mask; 

d) removing said further etch mask; and 

e) etching said second layer of low k dielectric material through said pattern of 
openings in said protective capping layer, with said first layer of densified material 
acting as an etch stop. 



8. The process of claim 6 including the further step of treating the upper surface of said 
second layer of low k dielectric material to form a seccali layer of densified dielectric material 
over the remainder of said second layer of low k dielectric material. 

9. The process of claim 8 including the further steps of: 

a) patterning said second layer of densified dielectric material to form a second etch 
mask layer of densified dielectric m&terial over said second layer of low k dielectric 
material, said second etch mask layer having a pattern of openings therein suitable for 
use in etching a corresponding /attern of openings in the underlying second layer of 
low k dielectric material; and^ 

b) etching a pattern of openings in saidfseco^ layer oJHow k dielectric material 
through said pattern of openings in said ^md etch mask layer, with said first layer 
of densified dielectric material serving as an etch stop. 

10. The process of claim 9 9 including the further steps of: 

a) forming a pattern of openings in said first etch mask layer through said pattern of 
openings formed^in said second layer of low k dielectric material; and 

b) etching a pattern of openings in said first layer of low k dielectric material through 
said pattern of openings in said first etch mask layer. 
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The process of claim 10 including the further stdfrs of: 

a) forming another etch mask over said^econd etch mask layer, said another mask 
having openings larger than the openjrfgs in said pattern of openings in said second etch 
mask layer; and 

b) etching said larger openings through: 

i) said second etgn mask layer of densified dielectric material; and 

ii) said secoml layer of low k dielectric material; 

down to said fir^t etch mask layer of densified dielectric material; 
whereby said structure will have a pattern of smaller openings formed in said first layer of low 
k dielectric matenal and a pattern of larger openings formed in said second layer of low k 
dielectric material and generally in registry with said pattern of smaller openings. 
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12. The process of claim 6 including the further step^s of: 

a) treating the upper surface of said second^ayer of low k dielectric material to form 
a second layer of densified dielectric material over the remainder of said second layer 
of low k dielectric material; 

b) patterning said second layer crffdensified dielectric material to form a second etch 
mask layer of densified dielectric material over said second layer of low k dielectric 
material, said second etch ma'sk layer havingapattern of openings therein suitable for 
use in etching a corresponding pattern o^oj^nings in/the underlying second layer of 

c) etching a pattern/of openings in said second layer of low k dielectric material 
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through said pattern of openings in said second etch mask layer; 

d) forming a pafttern of openings in said first etch mask layer through said pattern of 
openings formed in said second layer of low k dielectric material; and 

e) etching/a pattern of openings in said first layer of low k dielectric material through 
said pattern of openings in said first etch mask layer. 
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13. The process of claim 12 including the further steps 

a) forming another etch mask over said secodi etch mask layer, said another etch 
mask having openings larger than the openings in said pattern of openings in said 
second etch mask layer; and 

b) etching said larger openings througl 

i) said second etch mask layer /and 

ii) said second layer of lowi: dielectric material; 

down to said first etch mask layer/ using said another etch mask; 
whereby said structure will have a pattern of smaller openings formed in said first layer of low 
k dielectric material and a pattern oMarger openings formed in said second layer of low k 
dielectric material and generally in Registry with said pattern of smaller openings. 

14. The process of claim 12 w^4rein said openings formed in said first and second layers of 
low k dielectric material and yaid first and second etch mask layers comprise vias, and said 
process includes the further ySteps of: 

a) forming a trench/mask over said second etch mask layer, said trench mask having 
openings larger ti^an said vias in said second etch mask layer; and 

b) etching said^renches through: 

i) said second etch mask layer; and 

ii) said second layer of low k dielectric material; 
down to said/ first etch mask layer; 

whereby said structure will have a pattern of vias formed in said first layer of low k dielectric 
material and a pattern of trenches formed in said second layer of low k dielectric material, 
with said trenches in registry with said vias. 
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5. The process of claim 2 inclifiing the further steps of: 

a) forming a second layer of low k dielectric material over said first layer of densified 
dielectric material; 

b) treating the upper surface hf said second layer of low k dielectric material to form 
a second layer of densified dielectric material over the remainder of said second layer 
of low k dielectric material; and| 

c) patterning said second layer oY densified dielectric material to form a second etch 
mask layer of densified dielectric ^laterial over said second layer of low k dielectric 
material; 

said second etch mask layer having a patterft of openings therein comprising openings larger 
than said openings in said first etch mask layer of densified material, said openings in said 
second etch mask layer in registry with said ctaenings in said first etch mask layer. 
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16. The process of claim 2 including jthe further steps of: 

a) forming a second layer of lo n k dielectric material over said first layer of densified 
dielectric material; 

said second layer of low k dielectric material to form 
a second layer of densified dieldbtric material over the remainder of said second layer 
of low k dielectric material; 

of a^nsified dielectric material to form a second etch 
c material over said second layer of low k dielectric 
layer having a pattern of openings therein in registry 
ope^gs^Tormed in said first etch mask layer; 



c) patterning said second la; 
mask layer of densified djelectr 
material, said second et< 
with, but each larger tha v 
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through said pattern of openings 
pattern of openings in said first 
e) etching a pattern of openings 
said exposed pattern of opening! 



d) etching a pattern of openings in said second layer of low k dielectric material 



in said second etch mask layer, thereby exposing said 
etch mask layer; and 

in said first layer of low k dielectric material through 
in said first etch mask layer. 
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A process for forming a double damascene structure having a J^vv k material therein which 
comprises: 

a) forming a first layer of dielectric material over^Sn integrated circuit structure; 

b) forming a first layer of low k dielectric material over said first layer of dielectric 
5 material; 

c) treating the upper surface of said first^ayer of low k dielectric material to form a 
first layer of densified dielectric materjal over the remainder of said first layer of low 
k dielectric material; 

d) forming a second layer of low^ dielectric material over said first layer of densified 
l§f dielectric material; 

ui e) treating the upper surface^of said second layer of low k dielectric material to form 



a second layer of densifi^aielectric material over the remainder of said second layer 

^ of low k dielectric material; 

Uj / 

ip f) forming over said^second layer of densified dielectric material a via mask having 

1$^ a pattern of via openings therein; 

i=M g) etching via openings in said dielectric layers down to said integrated circuit 

,r| structure through' said via mask; 

i h) forming a trench mask over said second layer of densified dielectric material, said 
trench mask^having a pattern of trench openings therein in registry with said via 
20 openings; and 

i) etching^renches in said second layer of densified dielectric material and said second 
layer of /ow k dielectric material through said trench mask, stopping at said first layer 
of densified dielectric material. 



18. The process of claim 17 wherein said trerpb^mask is removed after forming said pattern 
of trench openings in said second layer of ctemifiedidielectric material and before forming said 
trenches in said second layer of low k dpleairic material; and said trenches are then etched 
in said second layer of low k dielectric n^temal Rising,, said pattern of trench openings already 
5 formed in said second layer of densified material as a mask. 
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19. The process of claim 17 whereinfsaid step of forming a first mask having a pattern of vias 
therein is carried out after said step jpf treating said upper surface of said first layer of low k 
dielectric material to form a first p&ezof densified dielectric material over the remainder of 
said first layer of low k dielectric material; said pattern of vias is then etched in said first layer 
of densified material through^aid via mask; said via mask is then removed prior to deposition 
of said second layer of low w dielectric material over said first layer of densified material; and 
said step of etching trenche^throiigh said tr&&£ff mask which trenches stop at said first layer 
of densified material further co^^l^forming said vias in said first layer of low k dielectric 
material and said first layer of J dielectric material through said pattern of via openings 
previously formed in said first layer of densified material. 
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A process for forming a double damascene structure having a low kyfiaterial therein 
which comprises: 

a) forming a first layer of dielectric material over an integrated circuit structure; 

b) forming a first layer of low k dielectric material over s^d first layer of dielectric 
material; 

c) treating the upper surface of said first layer of low4: dielectric material to form a 
first layer of densified dielectric material over the remainder of said first layer of low 
k dielectric material; 

d) forming over said first layer of densified Material a via mask having a pattern of 
via openings therein; 

e) etching said first layer of densified material through said via mask to replicate in 
said first layer of densified material said/pattern of via openings in said via mask; 

f) removing said via mask; 

g) forming a second layer of low k dielectric material over said first layer of densified 
dielectric material; / 

h) treating the upper surface of slid second layer of low k dielectric material to form 
a second layer of densified dielectric material over the remainder of said second layer 
of low k dielectric material; / 

i) forming over said second^layer of densified dielectric material a trench mask having 
a pattern of trench openings therein in registry with said pattern of via openings in said 
first layer of densified material; 

j) etching said pattern^ trench openings in said second layer of densified dielectric 
material through said^rench mask to replicate in said second layer of densified material 
said pattern of trenches in said trench mask; 

k) then continuing said trench etch through said second layer of low k dielectric 
material down to^aid first layer of densified dielectric material, thereby exposing, at 
the bottom of sjpd trenches, said pattern of via openings formed in said first layer of 
densified material; and 

1) then etching vias in said first layer of dielectric material and said first layer of low 
k dielectric ^naterial dielectric layers down to said integrated circuit structure through 
said exposed pattern of openings previously formed in said first layer of densified 
material it the bottom of said trenches. 
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21. The process of claim 20 wherein said trench mask is removed after said step of etching 
said pattern of trench openings in said second layer of densified material through said trench 
mask, whereby said pattern of trench openings etched in said second layer of densified 
material serves as a trench mask for etching said trenches in said second layer of low k 
material. 




